The experience we have gained over the last few years from experiments with superconducting cavities for the TESLA test facility, justifies a revision of the design proposed almost five years ago [ 1, 2] . The proposed new design, presented here, takes the advantage of the high quality factor Qo >lo'" and low electron emission at the specified accelerating field of 25 MV/m, as demonstrated by some tested cavities. The main aim of the design is to simplify production and preparation of superconducting (sc) cavities and thus to reduce the cost of the linear collider. The new cavity shape has an enlarged iris diameter with the following advantages: significantly lower loss factors, a simplified and less expensive scheme for the HOM damping and the suitability of hydroforming and higher stability of the field profile.
INTRODUCTION
The quality factor, Qo , vs. E, of two 1.3 GHz, 9-cell TESLA cavities is shown in Fig. 1 . The Qo reaches a very high value -5.10'" at low field region and stays above 1.7.10'" for one cavity and above 3.10" for the second one, for the accelerating field of E,=25 MV/m, the specified value for the sc linear collider [3] MV/m is 3.4 and 6 times respectively, lower than for a cavity with the specified value of Q,=5.109 [3] . The small slope of both curves demonstrates the important feature that cavities have low electron emission. It results from careful cleaning during the cavity preparation and the low field enhancement factor almost five years ago, has been chosen to minimize: Epk/E, to keep electron emission loading low and H+/E, to shift quench level towards higher E, and to
Ee/E,. The shape of the TESLA structure, proposed maximize (WQ) to provide low cryogenic load. Final values of these parameters (see Table 1 ) have been achieved by means of a small iris diameter, but there are few negative consequences of the small aperture.
WEAK POINTS OF THE CURRENT DESIGN
The error of the field amplitude in an individual cell for the accelerating 7c mode is proportional to (N)*/k, where N is the inumber of cells in the structure and k is the coupling. Since the cell-to-cell coupling k is small, the profile of the accelerating field is sensitive to the frequency pertuirbation of an individual cell. Any mechanical, chemical or thermal preparation of TESLA structures causes a perturbation of the field configuration. Many TTF cavities from the first production had to be re-tuned several times to keep the field unflatness below the specified level of 5 %. Since tuning had to be performed outside the clean room, each re-tuning required that the cavity must be re-cleaned. This makes the preparation more expensive and more time-consuming to an unacceptable level for 20000 sc cavities. After the helium vessel is welded, no access to the cells is possible and therefore re-tuning, even when necessary, is impossible. Field unflatness decreases the effective accelerating field. Since the energy of colliding beams has been fixed, a compensation must be made for the lower effective gradient, either with additional length of the collider or by an operation of some cavities at E, above 25 MV/m. This requires only negligible additional RF power but the operation at a higher gradient may lead to an increased y-radiation and a higher probability of quenches. The second complication coming from the field unflatness is a difference in Qext. The acceleration process in the TESL.A collider is performed during the transient. This requires all cavities to be at 25 MV/m at the same time, 533 ps after the RF pulse is switched on. As the cavity fill time depends on the loaded Q (in case of sc cavities mainly on Qd) differences in Qed yield to differences in the accelerating gradient during acceleration, This means that the energy gain, in cavities with non nominal Qd, changes from the beginning to the end of the puke. To avoid this source of energy spread two adjustable fundamental mode (fm) coupler designs, based on a coaxial line technique, have been proposed [4, 5] . In lboth designs, the adjustment of Q& is performed by a change of penetration of the inner conductor in the beam tube. The adjustment unfortunately makes the design more complicated and expensive. Additionally, a fast voltage control loop will be used to reduce the energy spread, but this will require more RF power. Since the field profile of the present TESLA structures is already sensitive to frequency errors, an increase of N is impossible, so only interconnections could be made shorter to improve the fill factor. The cost of the electron beam welding is a significant part of the cavity fabrication cost. Eighteen half cells and two beam tubes per cavity must be specially prepared to provide nineteen high quality welds. Alternative fabrication methods are under consideration to lower the production costs. Two of them hydroforming [6] and spinning [7] , show a strong potential. The hydroforming of Nb cavities needs still more R&D, but the experience with Cu cavities proofs that the required shape can be obtained with high precision and good reproducibility. The hydroforming process becomes simpler when the ratio of the maximum radius (equator ) to the minimum radius ( iris) of a cavity is 2 or less. In the current design this ratio is almost equal to 3. The shape of the cavity plays also an important role. Also here, the tests performed on copper cavities showed that any narrow or small curvature, especially in the iris region, makes hydroforming more complicated. Unfortunately this is the case for the current cavity design.
The very high intensity FEL (h= 1 A) is one of the proposed new applications of the 3 km part of the TESLA e-linac. This operation requires very short bunches with oz = 25 pm, which can excite wake fields to the THz region. Since the longitudinal loss factor kll and thus the energy loss scale approximately with (o.J.''*, the total energy deposited by single bunch will be big. This will influence the beam. Additionally, the high energy photons may brake Cooper pairs in the superconducting We expect that the improved cavity shape should : -increase cell-to-cell coupling, -simplify hydroforming or spinning of the structure, -reduce the loss factor kll, -simplify HOM mode damping,
-simplify the design of the fm coupler (not variable),
-increase the ratio of the active length to the total length.
Besides, the new design should keep, as much as possible, the advantages of the current shape. These advantages are parameters like: (WQ), %/Eacc and Hpeak/Eacc. Some of the disadvantages we have pointed out can be overcome with an increase of the iris diameter [2] . The proposed new shape (Fig. 2) has an iris aperture of 102 mm The iris is circularly formed with r = 17 mm. The parameters of the old and the new shape are listed in Table 1. 17.0 17.8 
DISCUSSION
The cell-to-cell coupling increased by a factor of three as compared to the current design. This makes the structure less sensitive to any machining tolerances and provides room to increase the number of cells per cavity. The new geometry is more suitable for hydroforming or spinning. The ratio of the equator radius to the iris radius is near 2 for the inner cell and even below 2 for the end cell. The iris region is now wider and the wall can be made thicker in this region. Hereby stiffening rings, used in the current design to reduce the Lorentz force detuning, can be avoided [6] . The loss factors of the new geometry are significantly lower. The single passage deposited energy is reduced by 37 % for the monopole modes and by 63 % for the dipole modes. The decrease of the loss factors indicates a decrease of HOMs characteristic impedances, too. Therefore the energy deposited in the resonantly excited parasitic modes will be reduced. This gives more relaxed requirements for the damping of these modes. The enlarged iris of the new end cell enables an increase in diameter of the beam tube. We have fixed this diameter to 0.11 m. It is the smallest size that allows propagation of all monopole modes in the tube. The first eight dipole modes stay under cutoff but their field in the beam tube seems to be high enough for damping to the BBU limit. Two HOM couplers shifted angularly by 90" and attached at every second beam tube may be used for the damping of parasitic modes excited in two neighboring cavities. This damping scheme requires only one HOM coupler per cavity. Due to the HOM propagation the distance between HOM coupler and end cells can be much larger than for the current design. Since the fundamental mode is under cutoff and the distance to end cells is large, a very little fm rejection, achievable without any additional filter, is needed to prevent output cables and feedthroughs from overheating. This simplifies the design of the HOM coupler.
As the field pattern is stable, variable couplers are not necessary. If operation of the collider should differ from the nominal one, QeJd can be changed by means of a 3-stub waveguide transformer installed in the input line of each cavity. The transformer also makes the RF distribution system more flexible for phase adjustment and gives more freedom in the length of intersections. There are mainly two negative conseauences of the larger iris aperture. As predicted, a larger aperture lowers (WQ) of the fm. The reduction is compensated by a high
Qo and finally the cryogenic loss is smaller. In order to keep cavities matched for the nominal operation: U=26 MV/cavity and the Ib=8 mA, Q& should be increased by 33 %, and fill time will therefore be longer by 240 ps. When Q& has still its previous nominal value, 2 % of the RF power will be reflected but fill time will be longer by 180 ps. This problem should be investigated in more detail. The ratios of Epeak/Eaoc and Hpeak/Eacc have increased by 17 %. This means more y-radiation at the specified E , and higher quench probability. Surface cleaning inethods (BCP, high pressure water rinsing) and assembling methods are still in an optimization phase. Also inspection methods of the Nb material, which help to eliminate Nb sheets with defects leading to quenches, are under development. It is the hope that further progress in the fabrication, the assembly and the cleaning rnethods can compensate for the increase of these parameters. Table 2 . We plan to build copper models of the new structure to prove experimentally the stability of the accelerating field, the proposed scheme of the HOM damping and the coupling between structures for the fm and the HOMs. As a next step, Nb prototypes should be fabricated to investigate the hydroforming method, the Lorentz detuning and to check new limitations in the accelerating field.
CONCLUSION

ACKNOWLEDGMENTS
We would like to express our gratitude to the TESLA collaboration group for many helpful discussions.
